Results: Among the 44 patients, 3 showed abnormal tilts of SVV. The latter three patients had deep white matter hyperintensities on their MRI, probably due to aging.
Introduction
In the diagnosis of patients complaining of dizziness, observation of nystagmus with videonystagmoscope, electronystagmography, caloric testing, and rotator chair testing are widely used as routine tests. Patients suffering from dizziness but indicating no abnormal findings on routine tests such as those mentioned above may generally be diagnosed as having dizziness of unknown origin or psychogenic dizziness. However, the above-mentioned tests are limited in that they mostly evaluate the function of the semicircular canal and, therefore, the possibility that such patients have disturbance in the otolithic organs and the graviceptive system cannot be excluded. The subjective visual vertical (SVV) is a highly reliable test for examining function of the otolithic organs and the graviceptive pathways [1, 2] . SVV tends to indicate abnormal tilts to the affected side at the acute stages in peripheral disorders [3, 4] , and various abnormal tilts of SVV are observed in central disorders such as Wallenberg's syndrome [5] .
However, SVV is not frequently used as a routine clinical test and, to date, there has been no study on SVV in patients who complain of dizziness but have no abnormal findings in routine clinical tests of the vestibular system. The aim of this study was to investigate whether SVV tests could detect dysfunction of the otolithic organs and perception of gravity in patients with dizziness who have no abnormal finding on routine tests for the vestibular system.
Patients and methods

Patients
Forty-four patients who met the following criteria were selected between 2004 and 2006. excluded.); 9) patients who could be observed for more than 6 months after the first examination.
Normal subjects
We studied 51 normal subjects as controls, including 32 men and 19 women ranging in age from 21 to 81 years, with a mean age of 44.7 years. Before inclusion in the study, back-projected to a large black screen that was placed 50 cm in front of the subject. The examinees were told to rotate the position of the bar with a joystick, and were instructed to use the joystick to bring the line to vertical. The true vertical orientation was set as 08, and the initial orientation of the line was randomized before each trial. Tilts of SVV were indicated as angles and leftward and rightward tilts were represented by negative and positive angles, respectively. Tilts of SVV were measured 10 successive times for each patient, and were averaged. In normal subjects, SVV mean tilt was determined and in the patient group (n=44) the number of patients showing abnormal tilts of SVV was counted.
Measurement of ocular torsion
Ocular torsion (OT) was also measured in patients showing abnormal tilts of SVV.
The OT was determined from a fundus photograph taken using a scanning laser ophthalmoscope (Rodenstock, Germany). The angle was measured by projecting a straight line through the center of the papilla and fovea against a horizontal line as a base. In the right eye counterclockwise rotation from the perspective of the examiner was defined as positive excyclotropia, while in the left eye clockwise rotation was defined as positive excyclotropia. Measurements were taken twice and averaged, and the OT [(right eye OT/2)-(left eye OT/2)] was calculated. Based on our data obtained from 53 normal healthy subjects an abnormal range of OT was defined as >5.0° or <-5.0°, and an abnormal change in OT was defined as a difference of >2.58 between the two measurements [6] .
Results
In normal subjects, SVV mean tilt was 0.22±1.26° (mean±standard deviation), therefore, the mean± 2SD ranged from _2.30 to _2.74 (Figure 1 ). In the patient group, 3 cases, corresponding to 6.8% of the subjects, showed abnormal tilts of SVV, while the other 41 cases showed normal values of tilt (Figure 2 ). Among the three cases, case 1 was a 69-year-old woman who suffered from chronic dizziness lasting for 2 years. In this case, the dizziness continued after some improvement, and abnormal tilts of SVV have also continued and deep white matter hyperintensity (DWMH) was observed around the basal ganglia on MRI (Figure 3 ). Cases 2 and 3 also showed DWMH. Table I provides a summary of the three cases showing abnormal tilts of SVV. The three cases with DWMH sometimes complained of lateral postural instability. In the patient group, 6 patients including the 3 cases hadDWMH; however, the remaining 38 cases did not exhibit DWMH.
Discussion
In normal subjects, vertical perception is extremely accurate [7, 8] and reproducibility of SVV is extremely high [3] . In previous studies on SVV, normal healthy subjects indicated angles of SVV tilts within938 [9] . In the present study, values of tilt of SVV in normal healthy subjects (0.2291.268) correlated extremely well with the data in previous studies. Thus, in the present study, when abnormal values of SVV were observed in the SVV test, abnormalities of the otolithic organs or the graviceptive pathways were assumed to be highly indicated. The three cases showing abnormal tilts of SVV were elderly persons and DWMH was observed in their brain MRI. It is known that vestibular function gradually deteriorates with aging [10] ; however, the tilts of static SVV in elderly individuals were not different from those observed in younger individuals [11] . In the present study, to prevent artefactual measurements of SVV, ocular torsion was further measured and the three cases showed abnormal tilts of ocular torsion as well. Thus, the three cases can be concluded to have disturbance in the otolithic organs and the graviceptive pathways. Since the three cases did not have an otologic disease, the possibility that the cases had abnormalities limited to only the otolithic organs is assumed to be low. Thus, the responsible site for abnormal tilts of SVV in the three cases may be present in the brain. However, since structural abnormalities of the brain such as DWMH are common in both dizzy and non-dizzy subjects over the age of 65, it should be considered whether DWMH always has a pathological meaning. However, it was recently suggested that DWMH was related to disequilibrium [12, 13] . It is known that abnormal tilts of the SVV are observed in cerebral hemispheric stroke, and the responsible site is assumed to be present in lesions of the vestibular cortex, or subcortical afferences [14, 15] . When DWMH is formed in the graviceptive pathways in the brain, abnormal tilts of SVV may be observed. Figure 4 . Fundus photographs taken by the scanning laser opthalmoscope (case 1). The left eye shows a 9°OT ( excyclotropia -that is, torsion of the papilla-fovea line clockwise from the viewpoint of the observer toward the left) and the right eye, a 4°excyclotropia.
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